Idiopathic retroperitoneal fibrosis (RPF) is a periaortic sclerotic disease that encases adjacent retroperitoneal structures, particularly the ureters. A subset of idiopathic RPF cases can be associated with IgG4related disease, but the frequency of this association is not clear. We selected 23 cases of idiopathic RPF and identified IgG4-related RPF cases based on the presence of IgG4+ plasma cells in the tissue, using an IgG4/ IgG ratio cutoff of 940%. We then compared the IgG4-related RPF patients and the non-IgG4-related RPF patients in terms of both the presence of histopathologic features typical of IgG4-related disease and the simultaneous occurrence (or history) of other organ manifestations typical of IgG4-related disease. The IgG4-related RPF and non-IgG4-related RPF groups were also analyzed in terms of clinical, laboratory, and radiologic features and treatment review.
INTRODUCTION
R etroperitoneal fibrosis (RPF), sometimes termed ''Ormond's disease,'' is an enigmatic disorder characterized by sclerotic tissue in the periaortic or periiliac retroperitoneum that encases adjacent structures. 50 A urologist, Dr. John Ormond, described RPF in 1948 upon observing intraoperatively the fibrous tissue encasement of both ureters in a patient with renal failure. 32 The most common symptoms of RPF include abdominal or flank pain, weight loss, fatigue, and urinary frequency. 39, 51 Specific serologic markers for RPF do not exist, but acute-phase reactants such as the erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) are frequently elevated. Imaging studies show a soft tissue density that envelops the abdominal aorta or iliac vessels, often leading to hydronephrosis of 1 or both kidneys. 3 RPF can be divided into idiopathic and secondary subsets. Idiopathic RPF is essentially a diagnosis of exclusion after secondary causes of RPF, for example, drug exposure, infection, and malignancy, have been eliminated. 49, 50 Definitive diagnosis generally requires histopathologic confirmation by biopsy.
IgG4-related disease (IgG4-RD) is an immune-mediated disease characterized by unique histopathologic features in affected organs. These features are a lymphoplasmacytic infiltrate, storiform fibrosis, and obliterative phlebitis. 5 Mild to moderate tissue eosinophilia is also present in many patients, consistent with the strong history of allergic disease or atopy that frequently accompanies (or is an integral part of ) IgG4-RD. 15 Immunostaining of tissue lesions in IgG4-RD demonstrates an enrichment with IgG4+ plasma cells, indicated by either an increase in their overall concentration in tissue (number per high-power field [HPF]), an elevated IgG4/total IgG ratio, or both. Characteristic organs affected in IgG4-RD include the pancreas, salivary glands, orbits, lung, kidney, and aorta, but the disease has also been described in the thyroid gland (Riedel thyroiditis), 4 the prostate gland, 46 the pachymeninges, 23 skin, 18 and nearly every other organ system. An association between RPF and ''multifocal fibrosclerosis'' has been acknowledged for decades. 2 Multifocal fibrosclerosis is now known to be synonymous with IgG4-RD. However, there have been few studies of the retroperitoneum during the era in which IgG4-RD has been recognized. These studies are contradictory with regard to any potential relationship of IgG4-RD to ''idiopathic'' RPF. Zen et al 54 observed the typical histopathologic features and immunostaining characteristics of IgG4-RD in 10 of 17 RPF patients from Japan, suggesting that a proportion of idiopathic RPF cases are part of the IgG4-RD spectrum. In contrast, other investigators writing on idiopathic RPF did not comment on the potential contribution of IgG4-RD to their cases. 39, 51 We conducted the current study to address the possible role of IgG4-RD in the clinical entity known as idiopathic RPF. We identified 23 cases of idiopathic RPF and evaluated them for the possibility of IgG4-related RPF on the basis of their IgG4/ total IgG ratios within tissue. We then compared the presence of histopathologic features typical of IgG4-RD, the simultaneous occurrence or previous history of other organ manifestations typical of IgG4-RD, and other clinical and radiologic findings in the 2 categories of idiopathic RPF.
METHODS

Case Selection
This study was approved by the institutional review board of our hospital. We searched the Massachusetts General Hospital Department of Pathology database for the keyword phrase ''retroperitoneal fibrosis.'' One hundred nine patients had been diagnosed with RPF between the years 1990 and 2011 and had both clinical and pathology records available for review. Secondary RPF cases were excluded by review of the patients' medical records, including clinical, pathologic, and radiologic data. The mean clinical follow-up on this group of patients was 6 years (range, 1Y15 yr). Twenty-three of the idiopathic RPF cases had pathology blocks were available for further immunohistochemical analysis. These cases included 2 patients referred to our group specifically because of suspected IgG4-RD. The 23 cases included 8 surgical biopsy specimens and 15 needle biopsy specimens. In all cases, both imaging studies and tissue biopsies were obtained before the institution of immunosuppressive therapy.
IgG4-Related RPF: Histopathologic Classification
The original hematoxylin and eosin-stained slides were reviewed in a blinded manner by one of the authors (VD) to document the histopathologic features. The potential features assessed specifically included lymphoplasmacytic infiltration, storiform fibrosis, obliterative phlebitis, and tissue eosinophilia (defined as presence of any eosinophils). Immunohistochemistry was performed using antibodies to IgG4 (Zymed; 1:200 dilution) and IgG (Dako; 1:3000 dilution). We used an IgG4/IgG ratio cutoff of 940% to separate patients into 2 groups: IgG4-related RPF and non-IgG4-related RPF. This cutoff is consistent with a consensus statement on the pathology of IgG4-RD. 5 The degree of IgG4+ plasma cells within biopsy samples was determined for all 23 patients. For each case, the number of plasma cells staining for IgG4 was assessed in 3 nonoverlapping HPFs (magnification 400Â). The 3 fields with the highest degree of IgG4 reactivity were selected for counting. The number of IgG4+ plasma cells was then divided by the total number of IgGbearing plasma cells in these fields to determine the IgG4/IgG ratio.
Clinical Features of the Overall Cohort
We retrospectively reviewed the patients' electronic medical records. Patients with secondary causes of RPF such as metastatic carcinoma, lymphoma, and sarcoma were excluded. The date of biopsy was considered to be the patient's date of RPF diagnosis. The clinical features determined for each patient included age, sex, and comorbidities present at the time of diagnosis, including cardiovascular disease, hypertension, diabetes, pelvic malignancy, and any known immune-mediated inflammatory processes. Laboratory data from the time of RPF diagnosis included the ESR, CRP, white blood cell count, hematocrit, serum albumin and creatinine concentrations, the results of antinuclear antibody (ANA) assays, and, when available, IgG subclass concentrations.
The treatments administered to each patient were determined by chart review. We defined first-line therapy as the medication prescribed initially following confirmation of the RPF diagnosis, and maintenance therapy as a medication used continuously for more than 6 months. Chronic kidney disease was defined as a glomerular filtration rate of G60 mL/min for more than 3 months. 29 
Radiologic Features
Imaging evaluations of the abdomen and pelvis on 21 patients were reviewed in a blinded fashion by one of the authors (NS). Images were reviewed on a picture archiving and communication system workstation (PACS, Agfa, v. 4.0; Agfa, Richmond, VA). Contrast-enhanced computed tomography (CT) examinations of the abdomen and pelvis were available on 18 patients. 18 Ffluorodeoxyglucose (FDG) positron emission tomography (PET) studies with contrast-enhanced CT (PET/CT) were available on 5 patients, and contrast-enhanced magnetic resonance imaging (MRI) studies of the abdomen and pelvis were performed on 2 patients. All imaging studies reported herein were obtained within 3 months before the biopsy procedure was performed.
The extent and location of soft tissue in the periaortic, pericaval, presacral, retrovesical, perirectal, pelvic side-wall, and periureteral regions were recorded. The maximum thickness of the soft tissue in axial dimension was recorded. In addition, the presence and absence of abdominal aortic aneurysms (defined as a maximal infrarenal axial diameter of 3 cm), unilateral or bilateral hydronephrosis, renal atrophy, and localized or diffuse lymphadenopathy were recorded.
Statistical Methods
The clinical features of the IgG4-related RPF and non-IgG4related idiopathic RPF were compared. Continuous variables, including age and laboratory values, were compared using unpaired t-tests. The Fisher exact test was used to compare sex distribution, comorbidities, ANA positivity, and radiologic features.
RESULTS
Pathologic Features
Immunohistochemistry An IgG4/IgG ratio cutoff of 940% was used to divide the patients into IgG4-related RPF and non-IgG4-related RPF disease subsets. There were 13 patients in the IgG4-related RPF subset (57%) and 10 in the non-IgG4-related RPF subset (43%). Patients in the IgG4-related RPF group had a mean biopsy IgG4/total IgG ratio of 81%, compared to 8% in the non-IgG4-related RPF group (p = 0.0001) ( Figure 1 ). The mean number of IgG4+ plasma cells per HPF in the IgG4-related group was 13 IgG4+ cells/HPF (range, 2Y55 IgG4+ cells/HPF), and the mean number in the non-IgG4-related group was 1 IgG4+ cell/HPF (range, 0Y8 cells/HPF; p = 0.02).
Histopathology
We compared the histologic features of cases in the 2 groups of RPF selected by their IgG4/IgG ratio. The characteristic IgG4-related RPF cases demonstrated a disproportionately IgG4+ enriched lymphoplasmactyic infiltrate ( Figure 2 ). Patients with IgG4/total IgG ratios 940% were more likely to have the histopathologic features of lymphoplasmacytic infiltrates, storiform fibrosis, and eosinophilia than were those with IgG4/IgG ratios G40% (see below)( Table 1 ). The IgG4-related RPF cases demonstrated the morphologic appearance of IgG4-RD but the retroperitoneal tissue typically had more fibrosis than is observed in most extraretroperitoneal organs involved in this condition. A storiform pattern of fibrosis was noted significantly more often among cases in the IgG4-related RPF group (92% vs. 30%; p = 0.006). The non-IgG4-related RPF cases showed a nonspecific histologic appearance, generally an acellular, hyalinizing type of fibrosis. The lymphoplasmacytic infiltrate was more dense in the IgG4-related RPF group than in the non-IgG4-related RPF group, and plasma cells were identified easily within biopsies from the former. In addition, tissue eosinophilia was an important distinguishing feature between the 2 groups (10/13 IgG4-related RPF and 0/10 non-IgG4-related RPF; p = 0.0002) (see Figure 2 ). Obliterative phlebitis was observed in 4 cases, all in the IgG4-related RPF group (see Table 1 ).
Clinical Features
The mean age of the overall cohort was 58 years old (range, 33Y71 yr), and 73% of the patients were male. There were no statistical differences between the IgG4-related and non-IgG4related groups in terms of age, sex, and comorbidities including cardiovascular disease, hypertension, diabetes, pelvic malignancy, and the presence of other immune-mediated conditions ( Table 2 ).
The clinical symptoms were not different between IgG4related and non-IgG4-related groups. The most common presenting symptoms in both groups were back and flank pain, followed by lower extremity swelling. The laboratory values revealed no statistical differences between the 2 groups. The ESR and CRP were elevated in both groups: 56 mm/h (normal range, 0Y11 mm/h) in the IgG4-related group and 55 mm/h in the non-IgG4-related group. The complete blood counts and serum albumin concentrations did not differ between the groups. The serum creatinine concentration was higher in the non-IgG4-related group (1.9 mg/dL vs. 1.1 mg/dL; normal G1.4 mg/dL), but this comparison did not achieve statistical significance.
The patients in the IgG4-related group had a mean serum IgG4 concentration of 107 mg/dL (range, 3Y386 mg/dL; normal G135 mg/dL), but serum concentrations were measured in only 8 patients. There were only 2 serum IgG4 concentrations (16 and 18 mg/dL, respectively) measured in the non-IgG4-related group.
Radiologic Features
The radiologic features of the 2 groups are summarized in Table 3 . No radiologic features were specific for IgG4-related RPF. The location of the retroperitoneal masses in both groups was periaortic ( Figure 3A) , and, in the majority of cases, also involved the periiliac arterial region. A minority of patients in both groups had additional involvement in pericaval, presacral, retrovesicular, or perirectal locations. The maximal thickness, defined as the broadest dimension measured in 3 different directions, was nearly identical in the IgG4-related and non-IgG4-related groups: 0.9 cm and 1.0 cm, respectively. Of the 19 patients who underwent Two patients with IgG4-related RPF had aortic dilatation. This finding can be considered as periaortitis, which has been reported in association with IgG4-RD. 3, 37 Unilateral or bilateral hydronephrosis was found in 33% of IgG4-related RPF patients and 55% of non-IgG4-related RPF cases ( Figure 3B ). Renal atrophy was present in only 3 cases, and lymphadenopathy was detected in 2.
Other Organ Involvement
Six patients (46%) with IgG4-related RPF had biopsy-proven disease manifestations of IgG4-RD beyond the retroperitoneum. The extraretroperitoneal organ involvement included the orbits, lungs, salivary glands, kidneys, and lymph nodes. The non-IgG4-RD groups did not have IgG4-RD involvement recognized beyond the retroperitoneum.
Treatment
The most common first-line therapy, glucocorticoid treatment, was employed in 68% of the cases. Four patients, 2 in each group, did not receive any treatment at all for RPF. Patients with idiopathic RPF received a number of maintenance therapies ( Table 4 ). The types of maintenance medications used in the IgG4-related RPF and non-IgG4-related RPF groups were similar and included prednisone (15 patients), rituximab (5 patients), tamoxifen (1 patient), azathioprine (1 patient), methotrexate (1 patient), and mycophenolate (1 patient).
Six total patients (4 with IgG4-related RPF) were treated with rituximab. Of these, 4 (2 with IgG4-related RPF; 2 with non-IgG4-related RPF) tapered their prednisone successfully and had remained off of glucocorticoids for periods of 6, 12, 14, and 25 months at the end of study. The other 2 patients, both of whom had IgG4-related RPF, tapered their prednisone significantly, and their ureteral stents were removed.
Nearly half of the patients, 10 of 22 (45%), required the placement of ureteral stents. Seven patients (32%) underwent ureterolysis procedures. Despite these interventions, chronic kidney disease developed in 7 patients (32%): 2 in the IgG4-related RPF group and 5 in the non-IgG4-related RPF group. Of these 7 patients with chronic kidney disease, 6 developed renal failure due to recurrent obstruction, and 1 patient developed tubulointerstitial nephritis. One patient progressed to end-stage renal disease and required dialysis.
Cases Reports From the IgG4-Related RPF Group
Two cases from the IgG4-related RPF group illustrate important points pertaining to the multiorgan nature of IgG4-RD and the response of IgG4-related RPF to treatment even after the emergence of extensive fibrosis.
Case 1
A 59-year-old-man with a 15-year history of RPF presented for consultation on treatment options. He had presented initially with bilateral flank pain, and, after 6 months of severe pain, a CT scan of the abdomen revealed a rind of soft tissue extending from the renal arteries to the iliac bifurcation, without hydronephrosis. A needle biopsy performed at that time showed chronic inflammation without signs of malignancy.
Idiopathic RPF was diagnosed. The patient was started and maintained on prednisone 10 mg daily. Several years after his initial presentation, he developed worsening flank pain and a repeat abdominal CT revealed right-sided hydronephrosis. A ureteral (56) stent was placed, which required changing every 6 months for a decade. His stent requirements were associated with recurrent urinary tract infections. Several months before referral to Rheumatology Clinic, the patient experienced a disease flare, characterized by worsening flank pain and an abdominal CT scan that revealed extension of the previously stable soft tissue density to the renal arteries bilaterally and the right iliac artery. His prednisone dose was increased to 60 mg and could not be tapered below 30 mg daily without recurrent flank pain.
Upon referral to Rheumatology Clinic, review of the patient's retroperitoneal biopsy from 15 years earlier showed a lymphoplasmacytic infiltrate, storiform fibrosis, and mild tissue eosinophilia (Figure 4 ). Immunostaining for IgG4 and IgG were also performed on the extant tissue blocks. There were 4 IgG4+ plasma cells/HPF, and the IgG4/total IgG ratio was 50%. He received rituximab 1 g for 2 doses spaced 14 days apart. This was accompanied by resolution of flank pain and the successful taper of his prednisone dose to discontinuation. He was also able to stop using daily narcotics for the first time in a decade. His ureteral stents were removed and have not been replaced. He has not had a urinary tract infection since his rituximab infusion 2 years ago.
Case 2
A 65-year-old woman was referred for suspicion of IgG4-RD. Fifteen years before her presentation, she had developed bilateral submandibular gland swelling. She underwent removal of 1 gland, and the histopathology was interpreted as chronic inflammation with lymphocytes, plasma cells, and fibrosis. This tissue had been discarded several years before and could not be examined further.
The patient also had a 10-year history of idiopathic RPF. She had presented with acute renal failure caused by bilateral renal entrapment. Her renal function stabilized following bilateral stent placements, and the patient underwent a series of medical treatments over the next 4 years, including courses of prednisone, tamoxifen, azathioprine, and cyclophosphamide, none of which appeared to help her RPF. She continued on 8 mg/d of prednisone for the control of constitutional symptoms. A ureterolysis procedure led to injury of the left ureter. The patient required several stent changes and even a nephrostomy tube in the left kidney following an exacerbation of postobstructive renal failure.
Review of her retroperitoneal biopsy specimen from a decade earlier showed a moderate lymphoplasmacytic infiltrate, storiform fibrosis, and moderate tissue eosinophilia (95 cells/ hpf ). There was a mean of 13 IgG4+ plasma cells/hpf and an IgG4/IgG ratio of 68% (see Figure 4 ). Despite years of continuous glucocorticoid use, her serum IgG4 level was 154 mg/dL (reference range, 9135 mg/dL).
The patient received 2 doses of rituximab (1 g each), 2 weeks apart. Her IgG4 serum declined to 47 mg/dL 1 month after her infusion. Her constitutional symptoms improved such that she was able to taper her prednisone to 2 mg/d, a dose she maintained because of adrenal insufficiency. Her ureteral stents remained in place at the time of this writing.
DISCUSSION
To our knowledge, the current study is the first in a North American population to demonstrate that a significant proportion of ''idiopathic'' RPF cases are in fact part of the spectrum of IgG4-RD. 11, 13, 30, 52, 54, 55 More than half of the cases in our study (13/23; 57%) were found to be IgG4-related RPF. The small number of other studies have reported disparate findings on the relationship between RPF and IgG4-RD. Our data provide important indications about why the association between these overlapping conditions was difficult to identify for so long and why the link is often overlooked even now.
The current study demonstrates that the IgG4/total IgG ratio within the affected retroperitoneal tissue is particularly helpful in making the diagnosis in the retroperitoneum, where abundant fibrosis often militates against an extensive cellular infiltrate. We used a minimum IgG4/total IgG ratio of 40% in this study to distinguish initially between cases of idiopathic RPF that might be associated with IgG4-RD, an approach consistent with that used in another major study of this condition. 54 Although immunostaining and the IgG4/total IgG ratio were essential to the design of this study, it must be emphasized that immunostaining features of retroperitoneal tissue (and all tissues potentially affected by IgG4-RD) must be interpreted in the context of the histopathologic findings. The findings of lymphoplasmacytic infiltrates, storiform fibrosis, obliterative phlebitis, and eosinophilia generally play central roles. Striking correlations existed in our series between the histopathologic findings of storiform fibrosis, lymphoplasmacytic infiltrates, eosinophilia, and elevated IgG4/ total IgG ratios.
In a study of 29 patients, Yamashita et al 52 demonstrated that patients with RPF occurring in the setting of multifocal fibrosclerosis had greater numbers of IgG4+ plasma cells within tissue compared to those whose RPF was associated with other conditions. Zen et al 54 reported 10 IgG4-related RPF cases out of 17 cases with a high prevalence of IgG4-RD manifestations beyond the retroperitoneum in patients with IgG4-related RPF (5 of 10 patients; 50%). In a 2011 randomized clinical trial of prednisone and tamoxifen by Vaglio et al 48 Vto our knowledge the only prospective study of this question performed to dateVIgG4-related RPF counted for only 29% of the RPF cases (4 of 14 patients).
Our data are compatible with those of studies from Japan by Yamashita et al 52 and Zen et al, 54 and are also consistent with the findings of studies in many other organ systems published in recent years: IgG4-RD accounts for substantial proportionsV sometimes the majorityVof cases of idiopathic inflammation occurring within the orbit, 24, 38 salivary glands, 10,21 biliary tree, 14, 16, 31, 47, 56 aorta, 42 and pachymeninges, 23 among others. 1, 41 The potential for IgG4-RD to cause ''idiopathic'' inflammation in virtually any organ system, particularly that associated with lymphoplasmacytic inflammation at an early stage of the disease process, makes it critical for pathologists, clinicians, and radiologists to be familiar with the protean manifestations of this condition.
Careful pathologic evaluation of an adequate tissue biopsy is essential for pinpointing more precise etiologies in idiopathic RPF. Causes of secondary RPF such as lymphoma, carcinoma, or sarcoma require tissue biopsies to differentiate these causes from each other and from inflammatory causes. Our series demonstrates that the clinical, serologic, and radiologic characteristics are seldom useful in distinguishing among cases of idiopathic RPF. Patients in both of our disease subsetsVthat is, those with and without IgG4-related RPFVtended to be middle-aged males with similar comorbid medical conditions. Serum IgG4 concentrations were not dramatically elevated in most of our IgG4-RPF patients, and other serologic markers did not distinguish reliably between the subsets. Finally, radiologic features such as the location of the retroperitoneal mass, the presence of hydronephrosis, and the occurrence of regional lymphadenopathy were not sufficiently distinctive to distinguish the 2 groups clearly.
Although it is possible that idiopathic RPF and IgG4-related RPF are phases of the same disease, their respective histopathologic features are distinctive even at stages of advanced fibrosis: storiform fibrosis is prominent in IgG4-RD, compared with the nonspecific hyalinized sheets of fibrosis typical of non-IgG4related RPF. This finding, as well as other findings typical of IgG4-RDVsuch as obliterative phlebitis and eosinophiliaVwas enriched among the cases with high IgG4/total IgG ratios and frequent evidence of IgG4-RD in other organs. The mean times between initial symptoms and biopsy were similar between the IgG4-related and non-IgG4-related RPF groups: 6 and 4 months, respectively.
Inspection of the histopathologic and immunostaining features of the involved tissues offers the most direct and often the only way of delineating IgG4-related RPF cases from those that are truly idiopathic. Needle biopsies are an appropriate first approach to obtaining a tissue diagnosis and are particularly effective at excluding cancer. However, low thresholds should be maintained for laparoscopic biopsies if needle biopsies do not provide a tissue sample adequate for investigating inflammatory causes of RPF. One likely explanation for the higher tissue concentrations of IgG4+ plasma cells in the study of Zen et al 54 stems from the fact that most of the retroperitoneal samples investigated in that study were obtained at surgery, thereby offering substantially larger sections of tissue than those provided from needle biopsies. Counts of IgG4-positive cells are typically performed by pathologists in areas with the highest concentrations of IgG4 staining, and larger samples therefore diminish the risk of low counts caused by sampling error. 5 We note, however, that the mean IgG4/IgG ratios among patients with IgG4-related RPF were similar between our study and that of Zen et al, 57% and 59%, respectively.
The possibility of securing a diagnosis through biopsy of an organ outside the retroperitoneum should not be overlooked. As examples, the lacrimal, parotid, or submandibular glands offer easily accessible sites for biopsy, as do the skin and lymph nodes when these organs are involved. The extraretroperitoneal organ manifestations associated with IgG4-related RPF that have been reported in the literature are summarized in Table 5 . Half of the patients with IgG4-related RPF in this study had extraretroperitoneal disease. Retroperitoneal disease was recognized as the sole site of involvement in 7 of the 13 patients (54%).
The absolute numbers of IgG4+ plasma cells were low in our IgG4-related RPF group compared to other organs that are classic sites for IgG4-RD involvement, such as the lacrimal or submandibular glands. Our patients with IgG4-related RPF had a mean of only 13 IgG4+ plasma cells/HPF in their retroperitoneal biopsies. The use of needle biopsies to sample the retroperitoneum is a partial explanation for this, but it is also possible that the nonspecific clinical presentation of RPF ultimately makes parsing the histopathologic diagnosis more challenging. In contrast to the lacrimal or submandibular glands, in which the organ dysfunction is visually obvious to the patient and to others, retroperitoneal disease likely has a significantly longer interval between the onset of inflammation in the retroperitoneum and the performance of biopsies to establish the diagnosis. One result of the diagnostic delay in the retroperitoneum is that biopsies from RPF patients are likely to be less cellular and more fibrotic than are biopsies from other organs. The lower numbers of IgG4+ plasma cells in cases of IgG4-related RPF correspond with the overall lower degree of cellular inflammation as opposed to fibrosis. Although the numbers of IgG4+ cells in the retroperitoneum are low compared to numbers in other organs involved in IgG4-RD, the histopathologic features appear to be preserved in IgG4-related RPF, particularly the storiform type of fibrosis. Thus, the morphologic appearance of the tissues is the key to the diagnosis of IgG4-RPF, and represents a more sensitive and specific indicator than do the absolute numbers of IgG4-positive cells.
The characteristic IgG4-related histopathologic features of lymphoplasmacytic infiltrates, storiform fibrosis, and eosinophilia correlated strongly with higher IgG4/IgG ratios. These histopathologic features are essential in distinguishing IgG4-related RPF from non-IgG4-related RPF. A recent pathology consensus statement highlights these features as the key histopathologic features of IgG4-RD. 5 Tissue eosinophilia and phlebitis without obliteration are also sometimes striking features of this condition. Our experience with RPF suggests that eosinophilia is a useful discriminator between IgG4-related and non-IgG4-related RPF, and that obliterative phlebitis, although less common (at least in the needle biopsies studied here), is likely to be a marker of IgG4-RD when present.
The treatment approaches used in our patients were varied, and no treatmentsVeven glucocorticoidsVwere employed often enough to permit firm conclusions. However, our limited experience to date with the use of a B-cell depletion strategy in IgG4related RPF was consistent with that observed in other parts of the IgG4-RD disease spectrum. 17, 19 In conclusion, the current series provides support for the concept that a substantial proportion of patients with idiopathic RPF have a diagnosis that falls within the spectrum of IgG4-RD. We propose the term IgG4-related RPF for this subset of patients. 40 Detailed, prospective study of RPF is necessary to distinguish the exact clinical and treatment characteristics of the IgG4-related subset from the non-IgG4-related RPF subset. Our study was limited due to its retrospective nature with variable access to serologic data, clinical follow-up, and treatment experience. 
